Background
Introduction
Hypertension is a major risk factor for cardiovascular morbidity and mortality, affecting more than a quarter of the adult population worldwide [1] . Previous studies have shown that only one third to half of hypertensive patients have adequately controlled blood pressure (BP) [2] . Non-adherence to antihypertensive therapy (AHT) is a significant barrier to effective hypertension management [3] . It is thus a concern given the evidence from clinical trials of the effectiveness of pharmacologic treatments for improving health outcomes and reducing cardiovascular complications [4] .
Different methods are used to measure adherence in clinical practice [5] . Registers of filled prescription medicines (refill adherence) is a reliable method to measure adherence in real-life settings and in large populations [6] . This method has been widely used when studying adherence to individual medications or medication classes [7] . However, many patients with hypertension require a multidrug AHT [8] . Therefore, there is a call to consider the use of multiple medications in the therapy regimen when adherence is measured in clinical practice.
Several studies have identified factors associated with non-adherence, such as, younger age [9] , presence of comorbidities [10] , lower income [11] , the multiple medication therapy [12] , and being a new user [13] . However, none of previous studies on AHT medications [9, 10, 12] , have differentiated between factors associated with non-adherence to any AHT medication in the therapy and non-adherence to the full AHT therapy regimen, even though they may differ for the distinct types of non-adherence. Therefore, a better understanding of the barriers to adherence to a multidrug AHT therapy in clinical practice is crucial for tailoring interventions to improve adherence [14] . Moreover, few studies have investigated the association between refill non-adherence and elevated BP in real-life settings [7, 12] . The objective of this study was therefore to identify factors associated with non-adherence to AHT, considering the use of multiple medications. A secondary objective was to analyze the association between refill nonadherence and elevated BP.
Methods

Study population
We identified the study population from a random sample of 5025 adults in the county council of Östergötland, drawn from the Total Population Register of Statistics Sweden. We identified individuals who had in 2007, filled any antihypertensive medication, (defined by Anatomical Therapeutic Chemical system (ATC-codes (S1 Table) ) with a diagnosis of essential hypertension from their medical records (International Classification Code (ICD)-10 code: I10), or indication of hypertension from refill data. We excluded persons who had: (i) multi-dose dispensed drugs, as they generally receive their prescribed medications automatically from the pharmacy every two weeks, which creates an artificially regular refill pattern. Prescribed daily doses are also missing for individuals with multi-dose dispensing, which hinders the calculation of refill adherence, (ii) antihypertensive medications purchased for other indication than hypertension, or (iii) non-interpretable prescribed daily doses.
Based on previous studies reporting adherence rates to antihypertensive medications between 50% to 90% [7, 12, 14] , a minimum sample size of 384 was required for a maximum width of +/-5% for the 95% confidence interval.
Data sources
The Swedish Prescribed Drug Register (SPDR) was used to identify individuals who filled antihypertensive medications. The register has a full coverage of dispensed medications for outpatient use [15] . The Care Data Warehouse of Östergötland was used to identify individuals with diagnosis of essential hypertension. This database includes administrative data on all inpatient and outpatient care provided in the county and is considered to have full coverage. Sociodemographic data were collected from Statistics Sweden and death dates from the Cause of Death Register. Data from the registers were linked using the unique personal identity number [16] . The medical records of the study participants with available BP measurements during healthcare visits in a period of three months in 2008 were reviewed and the BP values extracted.
Non-adherence to antihypertensive therapy
The refill adherence to dispensed antihypertensive medications was measured with the Proportion of Days Covered (PDC) method [17] . We used two definitions of refill adherence to multiple medications: (i) Adherence to any (at least one) antihypertensive medication and, (ii) Adherence to the full AHT regimen [18] , which are described below and illustrated in Fig 1. To further clarify the definitions, non-adherence to any (at least one) antihypertensive medication and non-adherence to the full AHT regimen are also illustrated in Fig 1. To measure the adherence to any antihypertensive medication, we aligned fills of any antihypertensive medication based on dispensing dates and we calculated days' supply. We calculated the proportion of days a person had at least one antihypertensive medication class available from the date of the first refill in 2007 (index date) until 01/01/2009 or until death. If a prescription days' supply extended beyond the end of the measurement period, only days for which the medication was available during the measurement period were counted. Patients were considered non-adherent to any antihypertensive medication class if the PDC by any antihypertensive medication during the study period was <80% (Fig 1) [18] . For example, for a patient being treated with three antihypertensive medications, the numerator of the adherence measure was the number of days during which the patient had at least one medication available (either I, II or III).
To measure the adherence to the full AHT regimen, we used the method developed by Choudhry et al [18] . We aligned fills of medications within the same class. The index date for each class was the date of the first fill of this medication within the measurement period. If a person filled the same medication prior to the end of the days' supply of the previous fill, the new medication was assumed to begin after the end of the previous fill. However, if a person switched to another medication from the same class or a fixed combination therapy with a medication from the same class (e.g. switch from Enalapril to a fixed combination of Enalapril and diuretics), the overlapping days were not counted. Patients were considered as non-adherent to the full AHT regimen if at least one antihypertensive medication class in the therapy regimen had a PDC<80% (Fig 1) .
Detection of elevated blood pressure
The medical records were examined by pharmacists who were unaware of the participants' adherence. Elevated BP was defined as a BP140/90mmHg or 130/80mmHg in individuals with diabetes mellitus [8] . As we aimed to study the association between non-adherence and elevated BP, we considered the visit with the highest BP value when multiple measurements were available. To assess the sensitivity of measured adherence in predicting BP outcomes, we also assessed the non-adherence 30 days prior to the BP measurement. Cardiovascular comorbidities were defined with corresponding ICD-10 codes: ischemic heart disease (I20-25), atrial fibrillation (I48), congestive heart failure (I50), previous stroke/ transient ischemic attack (I60-69, G45). New users were defined as individuals who did not fill any antihypertensive medication within one year prior to the index date. The number of antihypertensive medications was defined as the maximum number dispensed during the study period. We also described if individuals were dispensed other cardiovascular medications: lipid lowering medications (ATC C10) and anti-diabetic medications (ATC A10). We used the Diagnosis Related Group (DRG) weight as a proxy of severity of comorbidities. Based on the DRG weight, we categorized healthcare use as primary care only, and use of specialized healthcare (inpatient or outpatient) respectively [19] .
Statistical analysis
The characteristics of the study population and those with available BP in the medical records were compared using the two-sample test of proportion for dichotomous variables, Fischerexact test for categorical variables and Wilcoxon-Mann-Whitney test for continuous, asymmetrically distributed variables.
To study the association between person characteristics and non-adherence to any antihypertensive medication and to the full AHT regimen, we performed multiple logistic regressions, including all covariates mentioned above, except being dispensed other cardiovascular medications because of the high correlation of this variable with existence of cardiovascular comorbidity. Odds ratios (ORs) with 95% confidence intervals (CIs) were calculated for each independent variable in the multiple regression models. We assessed the fit of the model using the Hosmer-Lemeshow test. We also examined the relationship between non-adherence (during the measurement period and 30 days prior to the BP measurement) and elevated BP using multiple logistic regressions with the same variables.
As index date occurred in different dates in 2007, we performed a Poisson regression analysis to assess whether the measurement period of adherence (exposure time) affected our findings. The results from the Poisson regression were in accordance with the logistic regression analyses, and are therefore not presented. Statistical significance was considered for twosided p<0.05. The software SAS version 9.2 (SAS Institute, NC) was used for data management, and Stata version 11.2 (StataCorp, TX) was used for statistical analysis.
Ethics statement
The study was approved by the Regional Ethical Review Board in Gothenburg (approval reference number: 644-2008). Although personal identity numbers were used for the medical record review, Statistics Sweden replaced the personal identity numbers by a random serial number after the final data linkage and data were analyzed anonymously. According to Swedish legislation, no informed consents from the participants were required, since the retrospective study design did not change the participants' healthcare and research results were expected to improve the care for future patients [20] .
Results
We identified 1272 individuals who refilled an antihypertensive medication in 2007. We excluded those who had multi-dose dispensed drugs (n = 114), refilled antihypertensive medications for other indications (n = 286), or with non-interpretable dosage instructions (n = 5). The study population included 867 individuals. Of them, 380 individuals had a BP measure in a healthcare visit in a period of three months.
The mean age of the study population was 66.0 years, 52.5% were women, 13.8% new users, and 66.8% had at least two antihypertensive medications (Table 1) . Overall, 26.8% of persons had a cardiovascular comorbidity and 70.8% used specialized healthcare. The most common antihypertensive medications were those acting on the renin-angiotensin system (62.0%). Individuals with available BP measures were older, had lower education and income, and used more cardiovascular medications and healthcare resources compared to the whole study population.
In total, 12.7% of the study population was non-adherent to any (at least one) antihypertensive medication and 34.9% non-adherent to the full AHT regimen.
After adjusting for covariates in the multiple models, non-adherence to any antihypertensive medication was higher among persons younger than 65 years ( (Table 3) .
Of the 380 individuals with available BP, 165 (43.4%) had elevated BP. The proportion of persons with elevated BP was higher among those non-adherent to any antihypertensive medication 30 days before the measurement of BP (OR 3.27 [95% CI, 1.27-8.49]) ( Table 4 ). The other measures of non-adherence were not associated with BP control.
Discussion
We found about one-eighth of patients non-adherent to any antihypertensive medication and more than one third non-adherent to the full AHT regimen. Age younger than 65 years and having the lowest income were associated with non-adherence to any antihypertensive medication. While using more healthcare resources, being a new user, and refilling multiple antihypertensive medications were associated with non-adherence to the full AHT regimen. Moreover, non-adherence to any antihypertensive medication a month before a healthcare visit was associated with higher odds of elevated BP. Yet, this association was not significant for longterm measures of non-adherence. Our study addressed the call to consider the use of multiple antihypertensive medications when measuring refill adherence. To the best of our knowledge, no previous study has distinguished between patient characteristics associated with non-adherence to the full therapy regimen and non-adherence to any medication in the therapy. However, a better understanding of the barriers to adherence in clinical practice is crucial for tailoring interventions to improve adherence.
Our findings add to the previous evidence of younger age being a barrier to adhere to longterm medications [9] , that people younger than 65 years are more often non-adherent to any medication. This may be explained by working-age persons' challenge to include a regular medication intake routine in their daily schedules or by them perceiving treatments for often asymptomatic conditions unnecessary. Emerging technologies have been promoted to improve adherence, especially in those increasingly using new technologies, such as younger adults, but evidence on their long-term efficacy in real-world settings is limited [21] .Our findings are also in accordance with previous studies that have found low socioeconomic status associated with non-adherence to medications [11] . This may be explained by multiple factors, including financial barriers. Although the Swedish Pharmaceutical Benefits Scheme has universal coverage independently of persons' income [22] , the commonness of non-adherence to any antihypertensive medication among persons with the lowest income, may indicate a potential for healthcare inequity. In addition, health behavior of people with lower socioeconomic status has been suggested to partly explain non-adherence [23] .
Non-adherence to the full AHT regimen among those using specialized healthcare, new users, and those using multiple antihypertensive medications was in accordance with former findings [12, 13, 24] . Previous studies have reported non-adherence to AHT more common among persons with comorbidities, possibly due to persons with comorbidities prioritizing managing symptomatic conditions over controlling hypertension [10] . Among new users, concerns of dependence and side effects of multiple medications have been reported as the main reasons to discontinue antihypertensive medications [25] . The higher rate of non-adherence to the full therapy regimen among persons with multiple antihypertensive medications may reflect the detrimental effect of multiple medications on adherence and supports decreasing the complexity of AHT to avoid non-adherence and discontinuation.
Our findings are consistent with a large study where participants more likely adhered to at least one antihypertensive medication and less likely to their full therapy [12] . Possibly due to people taking multiple medications having more occasions to refill any medication in their therapy. While some studies have found a better adherence for additional concurrent medications [26] , our study highlights the variability in the effect of the number of medication on the overall adherence when applying two different definitions of adherence to a multidrug therapy. More importantly, the extent of disparate interpretations of the effect of multiple medications on the adherence may pose decision-making issues for health practitioners for the management of chronic diseases. Such as, whether a health care provider considers that a patient must adhere to all medications as prescribed, or if he may perceive enough to follow at least one medication in the regimen in order to consider the patient adherent [27] . Nevertheless, in discordance with previous studies [28] , we did not find a better adherence among patients with cardiovascular comorbidities. As we did not examine the chronological order of the onset of diseases, non-adherence to antihypertensive medications may have been the cause of other cardiovascular comorbidities in some patients. The level of education was e Models were adjusted for number of hypertension medications in the treatment regimen, sex, age, highest attained education, disposable income, DRG weight and the presence of cardiovascular comorbidities. Due to missing data, the multiple logistic regression was performed in 854 individuals.
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not associated with non-adherence; suggesting that understanding the importance of treatment is probably more important than the level of education [29] . Sex did not either affect adherence and previous findings are contradictory [30, 31] . Non-adherence to any antihypertensive medication a month prior to healthcare visit was associated with higher odds of elevated BP. This indicates that monitoring refilled antihypertensive medications prior to healthcare visit may facilitate interpreting observed BP prior to adjusting the therapy regimen. The clinician may attribute elevated blood pressure to therapeutic ineffectiveness and increase the dosage of current medications, or add new medications which may potentially lead to adverse drug reactions. Monitoring any refilled medication, which is a non-invasive method, can for example help the prescriber to distinguish between Adherence to Multiple-Medication Antihypertensive Therapy patients with true resistant hypertension and those with apparent resistant hypertension because of non-adherence to any medication in the therapy [3] . Some studies have also suggested improving the communication between pharmacists, physicians and patients to enhance the rational use and the adherence to long-term medications [32] . However, there is a lack of evidence on methods to introduce refill adherence measurements into clinical practice and their use to improve adherence and health outcomes in chronic care management [33] . The absence of an association between non-adherence to the full therapy regimen a month prior to healthcare visit and elevated BP may be due to the different prescribed medications and that was beyond the scope of this study. Although we did not find an association between longterm non-adherence and elevated BP, this measure represents a healthcare quality indicator to compare across broad population. We should highlight that, similar to previous studies [7, 12] , less than six out of ten patients adherent to the full therapy reached the target BP, demonstrating a room for improvement in hypertension management and control.
Strengths and limitations
An important strength of the study was the inclusion of hypertensive patients from a representative sample of the general Swedish population with no selection bias. However, our findings on the association between non-adherence and elevated BP should be interpreted with caution because of the difference in characteristics of those with BP measures and the whole study population. Our findings are not likely to be generalizable to individuals with labile hypertension. However, our method may serve as an impetus for larger studies to better understand the relation between refill adherence and clinical outcomes in real life settings. Similar to other studies measuring refill adherence, medication consumption was assumed and may overestimate adherence. Nevertheless, previous studies have found that refill adherence is correlated with other measures of adherence [6] . Although our study did not Table 4 . Association between non-adherence and elevated blood pressure (N = 380).
Adherence definition
Persons with elevated blood pressure a n (%) allow assessing primary non-adherence [34] , only 3.1% of those with diagnosed essential hypertension did not purchase any medication during the study period. The association of the two measures of refill non-adherence strengthened our study as it allowed combining a sensitive and a specific method to detect non-adherent persons. Non-adherence to any medication may be practically useful for healthcare givers and healthcare systems to screen patients nonadherent to any antihypertensive medications while non-adherence to the full therapy regimen, being more specific, may better detect behavior changes [18] . The method to assess adherence to the full therapy regimen may underestimate adherence when persons switched appropriately to another antihypertensive class. However, there is no gold standard method to assess the adherence to a full multidrug therapy for chronic conditions. This method was considered as appropriate and associated with health outcomes in a previous study encompassing a large study population [35] . While we adjusted our regression models with known factors associated with medication non-adherence, our study design did not allow investigating other factors, such as patients' understanding of side effects and patients' relation with healthcare providers [36] . We were also unable to explore the "healthy adherer bias" [37] , because healthy behaviors, such as smoking and overweight, were poorly reported in the medical records. Other possible sources of bias include the use of ICD codes to identify comorbidities, and differing practices to measure BP, although BP was assessed according to common practice in primary care. Moreover, the small sample size did not allow adjusting for a larger number of variables as, non-cardiovascular comorbidities. Healthcare resource use was assessed simultaneously with adherence, hindering establishing temporality as non-adherence might have led to increasing morbidity and higher medical care use in some patients.
Conclusion
In conclusion, sociodemographic factors, i.e. working age and having the lowest income, were associated with non-adherence to any antihypertensive medication while clinical factors were associated with non-adherence to the full AHT regimen. Different factors being associated with distinct types of non-adherence support considering the use of multiple antihypertensive medications when measuring adherence. Distinguishing between patient characteristics associated with non-adherence to any medication in the therapy and non-adherence to the full therapy helps to enhance the understanding of non-adherence to AHT. Moreover, non-adherence to any antihypertensive medication a month before a healthcare visit was associated with elevated BP and suggests that monitoring patients' refill adherence prior to healthcare visit may facilitate interpreting elevated BP.
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